It has already been reported by several investigators that characteristic morphological features are seen in HeLa cells infected with adenoviruses either by means of electron microscopic studies or by light microscopy of stained preparation's (Harf ord, Hamlin, Parker and van Ravenswaay, 1956; Morgan, Howe, Rose and Moore, 1956; Kj ellen, Lagermalm, Svedmyr and Thorsson, 1955; Boye.r, Leuchtenberger and Ginsberg, 1957; and Bloch, Morgan, Godman, Howe and Rose, 1957) .
However, ass far as we know, there have been no studies reported which are concerned with the correlation of cytological changes in adenovirusinfected HeLa cells and of virus-multiplication there. Though Boyer, Leuchtenberger and Ginsberg (1957) indeed reported some data on quantitative determinations of desoxyribonucleic acids in HeLa cells during the course of adenovirus. infection, they postponed the description of their correlation with virus-multiplication until later publication.
The present publication is devoted to the experimental results which are concerned with intranuclear changes of HeLa cells infected with adenovirus type 5 in correlation with virus-multiplication, carrying out one-step growth experiment.
MATERIALS AND METHODS
The strain of adenovirus : the adenovirus type 5, Mayeda strain isolated in Tokyo from a case of pharyngoconjunctival fever (Fukumi, Nishikawa, Nakamura, Watanabe, Kitayama and Fuj ita, 1957) was employed throughout the present experiments.
The method of HeLa cell cultivation, and the procedure of inoculation of adenovirus into HeLa cells are almost the same as those described in the previous paper (Fukumi, Nishikawa, Nakamura, Watanabe, Kitayama and Fujita, 1957) . For titration of adenovirus infectivity, 4 or 5 HeLa cell tube cultures were inoculated with each of serial ten-fold dilutions of the test materials and incubated until after 10 days for microscopic observation every other day.
The procedure for complement fixation reaction was also the same as that described before except for complement titration, which was carried out following Kabat and Mayer (1948) . 
Cytological Observations o f HeLa Cells Infected with Adenovirus Type 5
It was reported by Boyer, Leuchtenberger and Ginsberg (1957) that there were some differences between the alterations caused by adenovirus type 1 or 2 and by adenovirus type 3 or 4, but there was no description of those produced by adenovirus type 5. Detailed studies of the alterations caused by others than type 5 adenovirus have not been made by us yet, but it seems to us by comparisons of our observations of the cytological changes caused by adenovirus type 5 with those described by Boyer, Leuchtenberger and Ginsberg (1957) , that the adenovirus type 5 induced changes in HeLa cells are rather similar to those caused by type 3 or 4.
The diagrammatic representation of HeLa cell nuclei infected with adenovirus type 5 is illustrated in Fig. 2 a-j (including a normal nucleus, Fig. 2 a) . At first, a few or several dense masses, distinguished from nucleoli by somewhat eosinophilic nuance and some other appearances, appeared scattered in the nuclei (Fig. 2 b) , and enlarged gradually to occupy a large area within the nuclei (Fig. 2 c) . These masses then coalesced with each other leaving unstained areas between them and the nuclear membrane and between them and nucleoli ( Fig.  2 d and e) . The nuclear membranes were relatively intact at these stages. The somewhat eosinophilic or rather amphophilic dense masses were then more and more sharply marked from the remaining zones within nuclei, and in parallel with this progress of the alterations, these nuclei showed some distortion of shape which proceeded gradually. The nuclear membranes also showed gradual disintegration at these stages ( Fig. 2 f and g ). Finally, the dense masses became fairly compact and showed sharp contrast against the remaining unstained zones (Fig. 2 g) , and hereafter nuclei as a whole took a course of disintegration (Fig. 2 h, i and j) .
Some of the photographic pictures illustrating the alterations described above are shown in P1. 1-12.
Now, a problem is to determine the relationship between the virus-multiplication and the nuclear changes described above. As well known, HeLa cells infected with adenoviruses show characteristic cytopathic changes easily observed through unstained light microscopy of low magnification.
About 17 hours after adenovirus infection, these changes started to be noticed as shown in Fig. 1 . Already at about this time, some alterations were seen also in stained HeLa cell nuclei, which correspond to be those in Fig. 2 Fig. 2 b, c, d and e were observed from about 17 to 25 hours after infection. Then, the changes in Fig. 2 f and g appeared and 30 to 40 hours after infection, most of the infected nuclei showed changes in these stages. The changes in Fig. 2 h, i and j were mostly seen 48 hours after infection or later.
As shown in Fig. 1 , active viral particles appeared for the first time about 24 hours after infection.
Yet already before this time, the change in Fig. 2  b, c, d or e was observed in the infected nuclei.
The fact seems to indicate that the changes which appeared in the early stages of infection in the infected HeLa cell nuclei (namely, shown in Fig. 2 b-e) , precede the appearance of active viral particles. At any rate, it seems quite reasonable to consider that the adenovirus infection produces intranuclear inclusions in the infected cell nuclei, which were composed of aggregates of viral particles. The series of changes illustration in Fig. 2 (a-j) may be considered to be the process of maturation of these intranulear inclusions.
The initial stages of the inclusions are already observed before the appearance of active virus particles within the cells. In these stages, the inclusions shown in Fig. 2 b-e) may be composed of virus-precursor materials. It may be a quite important problem to know the morphological process of maturation of viral particles themselves, namely the process through which virus-precursor materials (or particles) become active viral particles. This is now in progress. 
SUMMARY

